The new (22E,24R)-3-acetoxy-19(10→6)-abeo-ergosta-5,7,9,22-tetraen-3β-ol (1) and the known (22E,24R)-19(10→6)-abeo- ergosta-5,7,9,22-tetraen-3β-ol (2), two interesting ergosteroids with rare aromatized ring B, together with seven known derivatives, namely (22E,24R)-6-acetoxy-ergosta-7,22-dien-3β,5α,6β-triol (8), and (22E,24R)-3,6-diacetoxy-ergosta-7,22-dien-3β,5α,6βtriol (9), were isolated from Colletotrichum sp., an endophytic fungus isolated from Ilex canariensis from Gomera. The structures of these compounds were elucidated by detailed spectroscopic analysis, comparison with reported data, and chemical interconversion. The isolation of these metabolites not only displays a beautiful array of chemical diversity, but also gives insight into the biosynthetic interconnections. Preliminary studies showed antimicrobial activity of these compounds against the fungus Microbotryum violaceum, the alga Chlorella fusca, and the bacteria Escherichia coli and Bacillus megaterium. .
Ring B aromatic steroids are an interesting group of compounds formed by the rearrangement of C-10 attached groups. Migration of C-1 to C-6 will give an anthracene skeleton, while those from C-19 to C-6 will yield the phenanthrene skeleton. Due to their intriguing structural features and bioactivity, ring B aromatic steroids with an anthracene skeleton have been intensely investigated using structural elucidation and synthesis [1] [2] [3] [4] [5] [6] . The isolation of anthrasteroid hydrocarbons from deep sea sediments represented the first example of naturally occurring members of the family [7] . Subsequently, a 3α-ol analogue was discovered from stromata of Epichloe typhina, a timothy choke disease fungus growing on Phleum pretense [8] . Structural isomers with a phenanthrene skeleton comprise (22E,24R)-19(10→6)-abeo-ergosta-5,7,9,22-tetraen-3β-ol and (22E,24R)-19(10→6)-abeo-stigmasta-5,7,9,22-______________________________ § Biologically Active Secondary Metabolites from Fungi, Part 44.Part 43 see ref. [11] tetraen-3β-ol, appearing in the amoeba Acanthamoeba polyphaga [9] and the fungus Colletotrichum dematium isolated from Monotropa uniflora [10] . (22E,24R)-19(10→6)-Abeo-ergosta-5,7,9,22-tetraen-3β-ol was recently found to be a regulator of the liver X receptor [10] .
In our ongoing screening for biologically active secondary metabolites from fungi [11] , we investigated metabolites produced by the endophytic fungus Colletotrichum sp. (internal strain no. 8896), isolated from Ilex canariensis (Aquifoliaceae, Aquifoliales), an evergreen shrub from the island of Gomera, Spain. Previous investigations had shown that a particularly high proportion of endophytes from plants from Gomera were biologically active [12] . The fungus was cultivated on biomalt agar medium. The crude ethyl acetate extract of the culture showed good antifungal activity against Microbotryum violaceum and moderate algicidal activity against Chlorella fusca. Fractionation of the ethyl acetate extract led to the isolation and structural determination of a new ring B aromatic ergosteroid (1), together with one known analogue (2), and seven known derivatives (3) (4) (5) (6) (7) (8) (9) . We herein report the isolation, structural elucidation, and results of some bioactivity tests on these compounds.
The fungus Colletotrichum sp. was cultivated on biomalt agar medium for four weeks at 21°C, and subsequently extracted with ethyl acetate. The crude extract was fractionated on a silica gel column, followed by Sephadex LH-20 and silica column chromatography to yield the pure compounds 1-9.
On the basis of detailed spectroscopic analysis and comparison with reported data, the structure of seven known derivatives were determined as (22E,24R)ergosta-5,7,22-trien-3β-ol (3) [13] , (22E,24R)ergosta-4,7,22-trien-3-one (4) [14] , (22E,24R)ergosta-4,6,8(14),22-tetraen-3-one (5) [15, 16] , (22E,24R)-5α,8α-epidioxyergosta-6,22-dien-3β-ol (6) [17] , (22E,24R)-ergosta-7,22-dien-3β,5α,6β-triol (7) [18] , (22E,24R)-6-acetoxy-ergosta-7,22-dien-3β,5α,6β-triol (8) [19] , and (22E,24R)-3,6-diacetoxyergosta-7,22-dien-3,5,6-triol (9) [20] . Complete and rigorous 1 H and 13 C NMR assignments of 4 (see Experimental), and 9 (see Tables 1 and 2) were then performed, since their data had not yet been reported in the literature [14, 20] . Interestingly, the NMR data of 8 deviated slightly from that reported [19] . An apparent difference was observed for the 13 C NMR values of C-5~C-8 and C-10 (see Table 1 ). In particular, C-5 was observed to resonate downfield compared with C-6 in our experiment and in those related structures [18] , in contrast to the reported data [19] (see Tables 1 and 2) . Thus, it became important to study the relative stereochemistry at C-6 by comparison with derivatives of known stereochemistry. Therefore, acetylation was conducted on both 7 and 8 to afford an identical product 9. The structure of 8 was thus determined unambiguously and the data published for 8 should either be revised or the structure corrected [19] .
The interesting ring B aromatic ergosteroid 2 was determined as (22E,24R)-19(10→6)-abeo-ergosta-5,7,9,22-tetraen-3β-ol by detailed 1D and 2D NMR analysis, as well as by comparison with reported data. Compound 2 was first isolated as one component of a mixture from the amoeba Acanthamoeba polyphaga [9] . Later, it was claimed to have been isolated from the fungus Colletotrichum dematium [10] , but without disclosure of the physico-chemical data. Based on the 2 D correlations, complete 1 H and 13 C NMR assignments of 2 were then performed (see Table 3 ). additional signal at δ 2.07 (s), which suggested the presence of an acetyl group in 1 in conjunction with two carbon resonances at δ 170.8 (s) and 21.5 (q) in its 13 C NMR spectrum ( Table 3 ). This acetyl residue was linked to C-3, as its proton signals were shifted downfield to δ 5.16 as compared to 2 (δ 4.11). Acetylation of 1 gave a derivative identical with natural product 2. Thus, compound 1 was established as the 3-O-acetyl derivative of 2, namely (22E,24R)-3-acetoxy-19(10→6)-abeo-ergosta-5,7,9,22-tetraen-3β-ol.
The discovery of an array of ergosteroid derivatives demonstrates the productivity of the fungus and is a beautiful example of chemical diversity. In particular, the co-occurrence of the (22E,24R)-ergosta-5,7,22trien-3β-ol (3) suggests that it may be a putative biosynthetic precursor. Obviously, all the other compounds (1, 2, 4-9 ) are structurally related to (22E,24R)-ergosta-5,7,22-trien-3β-ol (3). The diversity and interconversion of the molecules starting from the main metabolite 3 can be performed by just a few simple chemical transformations: Dehydrogenation, migration of the C-19 methyl group, oxidation of hydroxyl groups, water addition on the double bond, and finally simple acetylation of hydroxyl groups.
The isolated compounds 1, 2, 4, 5, and 7-9 were tested in an agar diffusion assay for their antibacterial, antifungal and algicidal properties ( Table 4 ). Whereas compounds 2, 4, 5, and 7-9 inhibited all four test organisms, compound 1 was not antibacterial, but antialgal against Chlorella fusca and antifungal against Microbotryum violaceum, These activities are consistent with results of our previous investigations in which we compared the antifungal activities of endophytic fungi and fungi associated with algae from different marine habitats [12] . Isolates from the marine biotopes from the island of Gomera were particularly active in our tests.
Experimental

General experimental procedures:
For microbiological methods and culture conditions see refs [21] [22] [23] . Commercial silica gel (Merck, 0.040-0.063 mm) was used for column chromatography. Precoated silica gel plates (Merck, G60 F-254) were used for analytical TLC. The NMR spectra were recorded at 293 K on a Bruker Avance-500 spectrometer. Chemical shifts are reported in parts per million (δ), using CDCl 3 as an internal standard with coupling constant (J) in Hz. 1 H and 13 C NMR assignments were supported by 1 H− 1 H COSY, HMQC, HMBC, NOESY, and NOEDIFF experiments. Optical rotations were measured on a Perkin-Elmer 241 MC polarimeter at the sodium Dline. IR spectra were recorded on a Nicolet-510P spectrophotometer; peaks are reported in cm -1 . UV spectra were recorded on a UV-2101PC spectrophotometer; peaks are reported in nm. The MS and HRMS were performed on a MAT 8200 mass spectrometer.
Culture, extraction and isolation:
The endophytic fungus Colletotrichum sp., internal strain no. 8896, was isolated following surface sterilisation from the stem of Ilex canariensis, a woody, evergreen shrub from Gomera, and was cultivated on 12 L of 5% w/v biomalt solid agar media at room temperature for 28 days [21, 22] . The culture media were then extracted with ethyl acetate to afford 4.0 g of a residue after removal of the solvent under reduced pressure. The extract was subjected to column chromatography (CC) on silica gel, eluted with a gradient of dichlomethane in iso-propanol (100:1, 100:2, 100:4, 100:10, 100:20, 100:40) to give 14 subfractions. Acetylation of (22E,24R)-19(10→6)-abeo-ergosta-5,7,9,22-tetraen-3β-ol (2): To a solution of 2 (1.5 mg) in dry pyridine (0.5 mL), 1 drop of Ac 2 O was added. The mixture was kept at room temperature for 16 h to afford, after usual work-up, the acetate 1 in quantitative yield.
Acetylation
of (22E,24R)-ergosta-7,22-dien-3β,5α,6β-triol (7) : Treatment of 7 (2.0 mg) with Ac 2 O, using the above procedure, afforded an acetate in quantitative yield, identical with the natural product 9.
Acetylation of (22E,24R)-6-acetoxy-ergosta-7,22dien-3β,5α,6β-triol (8) : Treatment of 8 (2.0 mg) with Ac 2 O, using the above procedure, afforded an acetate in quantitative yield, identical with the natural product 9.
Agar diffusion test for biological activity:
Compounds 1, 2, 4, 5, and 7-9 were dissolved in acetone at a conc. of 1 mg/mL. Fifty microliters of the solution (0.05 µg substance) were pipetted onto a sterile filter disc (Schleicher & Schuell, 9 mm), which was placed onto an appropriate agar growth medium for the respective test organism and subsequently sprayed with a suspension of the test organism [23] The test organisms were the Gramnegative bacterium, Escherichia coli, the Grampositive bacterium, Bacillus megaterium (both grown on NB medium), the fungus Microbotryum violaceum and the alga Chlorella fusca (both grown on MPY medium). Commencing in the middle of the filter disc, the radius of the zone of inhibition was measured in mm. These microorgansims were chosen because a) they are non-pathogenic and b) had in the past proved to be accurate initial test organisms for antibacterial, antifungal and antialgal / herbicidal activities.
